The use of lauha bhasma, a traditional Indian herbometallic preparation, is in vogue for centuries for the treatment of various ailments related to iron deficiency. The preparation of lauha bhasma requires strict adherence to time-consuming, well-practiced, multistage, and multistep procedures. One of the steps is the treatment of purified metallic ingredients with Triphala decoction (the aqueous extract of Indian gooseberry, Chebulic myrobalans, and Beleric myrobalans) in the presence of sunlight (Bhanupaka). The formation of metal complexes due to the reaction of the metallic ingredients with the constituents of Triphala decoction has been ascertained by FTIR spectroscopy and carbon, hydrogen, and nitrogen analyses. Our results demonstrate that Bhanupaka is an essential step in the preparation of lauha bhasma.
Introduction
Ayurveda is a traditional Indian system of medicine that has evolved during 5000 B.C. Bhasma is a class of drugs developed by Ayurvedic practitioners, who have formulated, practiced, and mastered various medicinal preparations. Ayurveda believes in systematically applying the knowledge about health and diseases in correcting the unbalanced states of humors [1] . Some of the unique features of Ayurveda include simple diagnostic methods, emphasis on prevention and cure of disease, use of materials available in nature for preparation, and openness to learning from other systems of medicine [1] . Bhasma is prepared from metallic and herbal ingredients and is also referred to as herbometallic preparations [2] . The practitioners of Ayurveda had wisdom to realize the importance of key metallic elements required in ensuring proper functioning of physiological systems. They had mastered the art of administering these elements in nontoxic, absorbable form through a series of meticulous physicochemical transformations achieved using various herbal and animal products.
Lauha bhasma is widely used for the treatment of anemia, hyperlipidemia, tuberculosis, urinary tract infections, obesity, and so forth [3] . The process flow diagram for the preparation of lauha bhasma is available [4] , and the preparation involves samanya sodhana (general purification step), vishesha sodhana (special purification step), Bhanupaka (reaction under sunlight), sthalipaka (roasting of contents in iron vessel), and puta (calcination). These steps are believed to have a strong scientific basis. However, these have not been properly documented leading to quality control issues during the manufacturing process. Thus, the scientific rationale in the preparation of lauha bhasma needs to be explored and validated.
Bhanupaka is a green process that utilizes Triphala decoction and natural reaction conditions to bring about transformations to the intermediate obtained after vishesha sodhana. Triphala decoction is an aqueous extract of the mixture of three dried fruits, namely, Terminalia chebula (Chebulic myrobalans), Terminalia belerica (Beleric myrobalans), and Phyllanthus emblica (Indian gooseberry). In our earlier work, morphological changes during Bhanupaka and a hypothesis for the possible role of sunlight and Triphala decoction were reported [4] . However, the hypothesis was tested by experiments on the reaction between iron (III) chloride and Triphala decoction under ultraviolet exposure for a short period of time, followed by KCNS test of the filtered liquid. The aim of the present work is to investigate the chemical transformations imparted to the intermediate obtained after vishesha sodhana during the Bhanupakastep, by chemical characterization using various analytical techniques.
Materials and Methods

Preparation of Intermediates.
Kanta Lauha (Iron powder) has been used as the raw material for the preparation of lauha bhasma. The mass percentage of iron was found to be greater than 98% as determined using an elemental mode of X-ray fluorescence spectrometer. The phase was confirmed through the analysis of powder X-ray diffraction patterns. The raw material for the preparation of lauha bhasma was subjected to normal purification steps by heating the material to red hot condition and immersing in liquids like sesame oil, butter milk, cow's urine, rice gruel, and horse gram decoction [4] . The thermal treatment with each liquid was repeated thrice and was followed by a special purification step in which the intermediate obtained after general purification was heated to a red-hot condition and immersed in Triphala decoction and cow's urine. This was repeated seven times and the solid product is "intermediate after vishesha sodhana. " Triphala decoction was prepared by heating equal quantities each of Terminalia chebula (Chebulic myrobalans), Terminalia bellerica (Beleric myrobalans), and Phyllanthus emblica (Indian gooseberry) with two parts of water and reduced to 1/4th of the original volume [4] . This Triphala decoction was added to "intermediate after vishesha sodhana" and allowed to dry under sunlight for five days. This process was repeated seven times to yield "intermediate after Bhanupaka" [4] .
Analysis of Plant Extracts.
Aqueous extracts of each of the three fruits used in Triphala decoction as well as the Triphala decoction were prepared individually using Milli-Q water (Millipore, USA), and analyzed using LC-MS/MS (micrOTOF-QII, Bruker, Germany) to identify speciesspecific compounds, to authenticate the plant used.
Electrospray Ionization Mass Spectrometry (ESI-MS/MS).
In order to perform a qualitative analysis of the compounds present in Triphala decoction, each aqueous extract was analysed by LC/ESI/MS using Bruker UHPLC 3000 chromatography coupled to a quadrupole ToF mass selective detector (micrOTOF-QII). The operating conditions are shown in the Table 1 .
Spectroscopic and Powder Diffraction Analyses. The
Fourier transform infrared (FTIR) spectra of intermediates were recorded between 4000 and 400 cm −1 in an FTIR spectrometer (Spectrum 100, Perkin Elmer, USA) by pelletizing them with KBr using a hydraulic press. For the quantitative determination of carbon content, about 2 mg of each sample was weighed using a microbalance (Sartorius, USA) and analyzed in a CHNS/O analyzer (Series II 2400, Perkin Elmer, USA). The powder X-ray diffraction patterns were recorded using an X-ray diffractometer (D8 Focus, Bruker, Germany), by irradiating with Cu-K radiation from 10 ∘ to 60 ∘ (2 ) with a step size of 0.01 ∘ .
Thermal Analysis.
The thermogravimetric analysis of samples was performed using a simultaneous TG-DTA instrument (SDT Q600, TA Instruments, USA). An accurately weighed quantity of sample was taken in an aluminum cup and heated in nitrogen atmosphere by maintaining a rate of 10 ∘ C/minute. 
Results and Discussions
Constituents of Triphala Decoction
Terminalia chebula-Key Constituents and Therapeutic
Applications. Terminalia chebula contains eighteen amino acids and the chief constituents of this fruit are tannic acid, chebulinic acid, chebulagic acid, gallic acid, corilagin, and so forth [5, 6] . Further, it possesses antifungal and antibacterial activity and inhibits the growth of E. coli, which causes urinary tract infection [7] . This fruit is used to treat chronic ulcers, leucorrhoea, pyorrhea, and fungal infections of the skin. The fruit increases the frequency of stools and evacuates the bowel completely and hence is an effective laxative [8] .
In addition, Terminalia chebula delays symptoms of aging, imparts longevity, immunity, and resistance against diseases. Chebulagic acid and corilagin were among various other secondary metabolites identified for which LC MS/MS data is presented in Figure 1 .
Terminalia bellerica-Key Constituents and Therapeutic
Applications. The chief constituents of this fruit are beleric acid, -sitosterol, saponin glycosides, gallic acid, ellagic acid, chebulagic acid, lignans, and so forth [9] . It is antiasthmatic and antispasmodic and possesses antitussive activity and is used as an expectorant [9, 10] . This fruit is used to relieve excessive thirst, nausea, and vomiting and to manage cough and infectious conditions [10, 11] . It is a natural sedative, which is used in the treatment of insomnia, and it is also known to be good for eyes and rejuvenates hair [11] . The fruit reduces levels of lipids in hypercholesterolemia and significantly decreases liver and heart lipids [12] . Most importantly, Terminalia belerica is a well-known laxative, which softens feces in rectum [13, 14] . This fruit has been reported to possess antimalarial and antioxidant activity [15] . Ellagic acid was one among the various other secondary metabolites identified as shown in Figure 2 .
Phyllanthus emblica-Key Constituents and Their Applications.
Phyllanthus emblica is a rich source of vitamin C and possesses antifungal [16] , antibacterial [16] , antiviral [17] , diuretic, and antioxidant properties [9, 18] . It is also a rejuvenating agent [19] and chelates copper and iron. Since it has free radical quenching properties, it reduces UVinduced erythema [20] . It cures diarrhea [21] , mouth ulcers [21, 22] , and nausea [16] , dental and respiratory problems [23] . Punicalagin was one among the various other secondary metabolites identified as shown in Figure 3 . These three fruits are collectively known as Triphala and their aqueous extract is a rejuvenating formula, which is applied in Ayurveda to treat intestinal disorders such as inflammation, infection, diarrhea, and constipation [24] . The LC MS/MS spectra of Triphala decoction is shown in Figure 4 . It may be observed from Figure 4 that the important constituents of each of the fruit were present in the Triphala decoction. [25] [26] [27] [28] . Thermogravimetric analysis of intermediate after Bhanupaka in nitrogen atmosphere showed a weight loss of 11.95% in the temperature range of 740-840 ∘ C, which could be attributed to the decomposition of the complex. This weight loss correlates reasonably with the mass percentage of carbon (∼10%) in the intermediate after Bhanupaka.
Intermediate after Vishesha
Role of Sunlight during Bhanupaka.
It has been widely established that the metallic iron (Fe 0 ) is toxic [29] . Hence, iron supplements should contain iron in the form of complex. The UV radiation present in the sunlight reduces the oxidation state of iron in presence of vitamin C present in the Triphala decoction thereby improving the bioavailability [30] . The capability of constituents to absorb UV radiation is also confirmed by the electronic spectra shown in Figure 7 .
Role of Triphala Extract in Chemical TransformationFormation of Chelates.
After administration of iron complex, enzymes present in the body cleave the chelated iron and liberating iron for absorption to produce hemoglobin. The organic moiety that forms the chelate must be nontoxic, should be easily eliminated by the body, and may provide some synergistic therapeutic effects. This forms the rationale for the choice of these three fruits, namely, Indian gooseberry, Chebulic myrobalans, and Beleric myrobalans in the preparation of Triphala decoction.
Corilagin, chebulagic acid, and ellagic acid, which are the key constituents of Triphala decoction, are known to form chelates with iron to preserve the same in a biocompatible form. Moreover, these organic ligands will be converted to gallic acid, which possesses hepatoprotective activity [12] .
Usually, when anemic patients take allopathic iron tablets and other iron preparations, they suffer from side effects such as constipation, nausea, and vomiting. The organic moieties present in these fruits possess laxative properties and hence may prevent constipation [8] . Vitamin C, the major ingredient in Indian gooseberry, is not only a reducing agent, but also an antioxidant. Thus, these fruits are useful not only to keep iron in a stable complex form but also other ingredients possess important physiological activities.
Role of Triphala Decoction as an Antimicrobial Agent.
During the preparation of lauha bhasma, intermediates obtained after each stage are stored for further processing. As the intermediates are obtained by treating with several aqueous-based liquids, fungal growth during storage may render them unsuitable for further processing. Similarly, the finished bhasma are stored for longer duration of time and are considered to be nonexpiring. Hence, the antimicrobial Journal of Chemistry activity of Triphala decoctionmay helps in the storage of intermediates and finished bhasma.
Conclusions
Triphala decoction is used during Bhanupaka, a green step used in the preparation of lauha bhasma-an iron based herbometallic preparation. The key constituents of Triphala decoction were identified using LC-MS/MS. The intermediates before and after Bhanupaka have been characterized to ascertain their chemical identity thereby facilitating the understanding of the process. Our results show that constituents of Triphala decoction form coordination compounds with iron oxide, by a slow reaction under prolonged exposure to UV radiation present in the sunlight. The useful ingredients of Triphala decoction are expected to be available to body upon the consumption of these medicines, thereby imparting their therapeutic properties.
